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DIVERTICULUM OF THE ESOPHAGUS*
INTRODUCTION
This presentation is an attempt to summarize the available information
concerning esophageal diverticulum; the pathogenesis and anatomy of its
various types; its symptomatology, treatment, and particularly the compli-
cations which can occur either spontaneously or as the result of surgery.
The case experience with this entity at the Grace-New Haven Hospital
(University service) during the period 1942-1953 will be discussed in
addition.
The earliest case reported was that of Ludlow in 1764.' Zenker' in 1877
described 27 autopsied cases with their associated symptomatology and
anatomical findings; the pharyngo-esophageal pulsion diverticulum is some-
times known as Zenker's diverticulum.
Esophageal diverticula are classified into three groups which differ not
only in anatomical location but also in pathogenesis. The first, and by far
the commonest, type is the pharyngo-esophageal, located just above the
junction of the hypopharynx and esophagus proper. A second or so-called
traction type of diverticulum occurs in the middle portion of the esophagus
in relation to the tracheal bifurcation. Finally, a very rare third type is seen
in the distal esophagus just above the diaphragm.
Rokitansky' in 1840 first attempted to classify esophageal diverticula
according to the pathogenetic mechanism. One group, the so-called pulsion
type, he considered as arising because of pressures developing within the
esophageal lumen; the second, or traction type, because of forces exerted on
the esophageal wall from without. This over-simplified concept has been
generally accepted even to the present day.
ANATOMY AND PATHOGENESIS
Pharyngo-esophageal diverticulum. Diverticula of this type originate in
the posterior midline of the hypopharynx at the pharyngeal "dimple," a
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triangle bounded above by the inferior constrictor muscles and below by the
cricopharyngeus muscle. Rarely it originates between fibers of the crico-
pharyngeus muscle, or below in an area bounded by the cricopharyngeus
and the longitudinal muscle bands of the esophagus.'-7 In extremely rare
cases a diverticulum may have its origin laterally between fibers of the
constrictor pharyngeus inferior.5'8 One case of anteriorly placed diverticu-
lum has been described with the orifice located immediately below the
arytenoid cartilages.9 This position is reminiscent of the ventral air bladder
in certain fishes (Dipneusti).
As the pulsion and pharyngo-esophageal type of diverticulum develops,
its sac usually presents toward the left side of the neck. The wall is com-
posed of mucosa, submucosa, and fibrous tissue of variable thickness. A
complete muscular coat is not ordinarily present, but thinned out fibers of
the pharyngeal musculature envelop the neck or insert on the proximal
portion.'6' , The majority therefore are not true diverticula but are
rather herniations of the inner mucosal and submucosal layers.
Albrecht8 in 1885 compared these sacs with those occurring normally in
certain higher animals such as the pig, camel, and elephant. He also pointed
out the possible relationship of this type to the position of the dorsal swim
bladder in most fishes. If, however, these pharyngo-esophageal diverticula
are congenital in origin, it is strange that no well-authenticated case in the
newborn or very young child has been described. King' observed none
below the age of 15, thus lending strong support to the theory of an ac-
quired lesion. The same writer attributed the genesis to a thinning of the
inferior constrictor muscle from repeated pressure exerted by the lower
border of the cricoid cartilage against the anterior surface of the cervical
vertebrae.
Jackson and Shallow,1 Davis,' and Lahey' emphasized the fact that the
upper esophageal sphincteric mechanism (the cricopharyngeus muscle) is
normally in a state of tonic closure. Jackson postulated that an incoordina-
tion of neuromuscular activity during the act of swallowing resulted in an
abnormally elevated intraluminal pressure and a tendency to herniation of
mucosa through the site of natural muscular weakness (the pharyngeal
"dimple"). No proof of such neuromuscular inco6rdination has been
presented.
Harrington' believed that the primary etiological factor is a muscular
deficiency at the site of herniation. Liebow5 suggested that a secondary
traction factor might be superimposed on a pulsion effect as a result of
organizing peridiverticulitis.
2"
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Once a diverticulum is formed, it tends to increase in size for several
reasons. First, there is no fascial barrier to limit extension into the superior
mediastinum, and the negative mediastinal pressure tends to accelerate this
process; second, food and secretions enter the sac before the esophagus
proper. The esophageal orifice is eventually reduced to an eccentrically
placed, crescentic slit' difficult to visualize.
The very rare lateral type of diverticulum may well be a manifestation of
persistent branchial cleft in its proximal portion."
Traction diverticulumn. Traction diverticulum is observed almost exclu-
sively in the middle third of the esophagus. The organization of mediastinal
infectious lesions, and especially tuberculous lymph nodes, causes fibrotic
traction on the adherent esophageal wall. The resultant diverticulum is
usually not larger than one or two centimeters; rarely it reaches an enor-
mous size (see Fig. 1). The orifice of the sac is ordinarily at a lower level
than its fundus, so that retention of food, secretions, and foreign bodies is
minimal and growth of the sac is not rapid. In a rare case pulsion effects
contribute to a later enlargement. As anticipated by the mechanism of their
origin, this traction type of diverticulum shows a wall composed of mucosa,
submucosa, and muscularis.
Benign mural tumors such as myoma have been known to exert traction
effects during their growth."" The resultant diverticulum can, of course,
occur anywhere in the esophagus.
Epiphrenic diverticulum. Epiphrenic diverticulum is the rarest of the
three main types. Little is known of its etiology. Raven" suggested that
some form of distal esophageal obstruction results in increased intraluminal
pressures and herniation through areas weakened by local esophagitis. Kay'
presented a similar theory, but excluded the need for esophagitis being
present. The demonstrated association of cardiospasm with about half the
cases of distal epiphrenic diverticulum tends to support the obstructive
hypothesis, but cardiospasm can be an effect rather than a cause.' As in the
case of pharyngo-esophageal diverticulum, the wall of the sac is usually
composed of mucosa, submucosa, and an outer fibrous covering of variable
thickness.
SYMPTOMS AND PHYSICAL SIGNS
Pharyngo-esophageal diverticulum. Dysphagia of insidious onset is
usually a first symptom of pharyngo-esophageal diverticulum. Sometimes,
however, the symptoms are sudden in onset and rapidly progressive in
severity.' In addition to dysphagia there may be regurgitation of undigested
food, even many hours after its ingestion, particularly when the patient lies
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down or bends over. Gurgling or croaking noises are heard during swallow-
ing of liquids, and this may be the earliest recorded symptom. Sialorrhea,
cough, dyspnea, and hoarseness can be present. Fetor oris results from bac-
terial decomposition of the sac contents. Eventually, complete obstruction
of the esophagus can result with all of its sequelae.
On physical examination one may observe at times an asymmetry of the
neck, with a palpable fullness beneath the lower portion of the sterno-
mastoid muscle. An actual mass is seldom felt unless the diverticulum is
complicated by carcinoma, granuloma, or abscess. Pressure on the side of
the neck sometimes produces an audible gurgle or initiates an episode of
regurgitation. Auscultation of the neck during the swallowing of water may
demonstrate a succession of splashing sounds.
Traction diverticulum. Symptoms caused by this type are infrequent,
most cases being discovered as incidental findings at autopsy or during
barium study of the gastro-intestinal tract. When dysphagia is present, it
can usually be explained on the basis of a fibrosing mediastinal process,
benign stricture, or carcinoma of the esophagus. However, Wallace' stated
that over a third of his patients with radiological evidence of traction diver-
ticula were symptomatic as a direct result of the lesion. Symptoms included
substernal pain, burning and heaviness, as well as dysphagia. The reported
cases of diverticula caused by myomata were not known to have symptoms.
Positive physical findings are not present unless complications occur.
Epiphrenic diverticula. Because of the high incidence of associated cardio-
spasm, symptoms directly due to epiphrenic diverticula are often difficult to
evaluate. They vary from mild dyspepsia to dysphagia, substernal or epi-
gastric pain, regurgitation, eructation, and even vomiting after meals. Again
there are no pathognomonic physical findings.
TREATMENT
Von Bergmann' performed the first successful single-stage pharyngo-
esophageal diverticulectomy in 1891. This procedure was associated with a
high incidence of septic mediastinitis in the earlier cases because of leakage
through the esophageal suture line. It remained for Goldmann" to develop
an operation which was relatively safer. In 1909 he reported a two-stage
procedure; the first consisted of simply freeing up the diverticulum and sus-
pending it by suturing it to the cervical fascia. In the second stage the
diverticulum was excised through an area safely walled off by adhesions.
In 1921 Bevane reported a method for invaginating smaller sacs, thus
obviating an esophageal suture line.
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Although Lahey10 actively supported the two-stage procedure, the one-
stage operation has been preferred in many clinics of this country and
abroad.5"' l 15 The lower incidence of recurrence, the absence of signifi-
cant sepsis under antibiotic protection, the shorter and more comfortable
hospitalization all speak in favor of the one-stage procedure. Details of this
operative procedure may be found elsewhere.5
Epiphrenic diverticula, when symptomatic, may be treated by one of two
methods. In extremely poor risk patients without cardiospasm, transthoracic
diverticulopexy (suspension) is most expeditious. Otherwise, a direct trans-
TABLE 1. COMPLICATIONS OF PHARYNGO-ESOPHAGEAL DIVERTICULUM
Preoperative
1. Foreign body perforation or ulceration
2. Pleuropulmonary infection
3. Obstruction and its sequelae
4. Malignancy
Operative and Postoperative
1. Injury to recurrent laryngeal nerve
2. Sudden emptying of sac contents
3. Fistula
4. Stricture
5. Recurrence
thoracic excision of the lesion is the treatment of choice. If the offending
diverticulum is associated with intractable cardiospasm, esophagogastrec-
tomy should be considered.
COMPLICATIONS OF DIVERTICULUM
Complications of pharyngo-esophageal diverticulum may be divided into
three groups; preoperative or spontaneous, operative, and postoperative
(see Table 1).
Spontaneous perforation is usually the result of the ingestion of a foreign
body such as chicken bone. This may result in an acute para-esophageal
phlegmon, which can extend rapidly into the mediastinum. Sometimes a
local abscess or a solid granuloma develops, which may be palpated as a
deeply seated, slightly tender cervical mass.
The potential dangers of esophagoscopy must be emphasized. If rupture
of a sac is recognized during or immediately after esophagoscopy, the treat-
ment of choice is an emergency cervical exploration under local anesthesia
with excision of the sac and primary closure of the esophagus. If several
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hours or days have passed since perforation and signs of mediastinitis are
evident, cervical and superior mediastinal drainage should be performed as
for any upper esophageal perforation. One should not rely entirely on anti-
biotics and medical measures in this circumstance. After several months,
when the inflammatory reaction has cleared, the sac may be excised safely.
Consideration should be given, however, to a first-stage suspension pro-
cedure at the time of cervical drainage, if the patient has been troubled by
severe dysphagia, if the local infection is not too far advanced, and if the sac
is easily mobilized.
Single-stage resections may be safely performed in the presence of local
chronic abscesses or granulomas. Unless these are located in the neck of the
sac, there should be no difficulty with the esophageal suture line.
Pleuro-pulmonary infection is usually the result of regurgitation and
aspiration of sac contents, especially when reclining and during sleep. Acute
exacerbations of chronic organizing pneumonitis, pulmonary abscess, and
even empyema may complicate the clinical picture. Bronchiectasis may
eventuate. Advanced and neglected cases present with inanition, hypo-
chromic anemia, hypoproteinemia, and vitamin deficiencies. These must be
combatted by vigorous parenteral therapy. Gastrostomy or jejunostomy
should be avoided if possible. It is more satisfactory to prepare the patient,
at least partially, with parenteral therapy and then to carry out a first-stage
suspension of the diverticulum under local anesthesia. When the patient has
restored his proper nutritional status, a second-stage extirpation of the sac
is performed. This should not be delayed indefinitely, since there is a slight
risk of malignant degeneration. As in this series, others have reported the
occurrence of carcinoma with preexistent Zenker's diverticula. They are
usually of the well-differentiated epidermoid variety."'
Hoarseness, while most often due to local mechanical factors, may
actually be the result of recurrent laryngeal paralysis.' This is caused either
by involvement of the nerve in an inflammatory process or operative injury
to the recurrent laryngeal nerve. The latter can be avoided by tracing the
nerve upward from the inferior thyroid pole and protecting it during the
further dissection. Hoarseness may be permanent, but it is usually tempo-
rary because the nerve has been traumatized by crushing or traction rather
than by transection. Heavy retraction on the carotid vessels should be
avoided because of the danger of cerebral vascular accidents.
Sudden emptying of the sac contents during surgery and resultant
aspiration can be minimized by preliminary lavage of larger sacs. This is
done by the insertion of a catheter and irrigation of the diverticulum with
warm saline or water twice a day for several days prior to surgery. The
290
Volume 26, February 1954FIG. 1. Barium study reveals a large diverticulum of the traction variety in the mid-
esophagus. The patient, a 78-year-old male, died of unrelated causes. Autopsy revealed
the diverticulum to be adherent to the right lower lobe and adjacent mediastinal struc-
tures by dense fibrous adhesions.FIG. 2A. Photograph of an 82-year-old male who underwent suspension of a diver-
ticulum five years previously. It shows a mass under the scar, subsequently proven to
be epidermoid carcinoma in the diverticulum.FIG. 2B. Roentgenogram of same case reveals an irregular filling defect at the
fundus of the diverticular sac.FIG. 3. Esophagogram taken ten months after an initial single-stage diverticulectomy
in a 48-year-old male. Symptoms necessitated re-operation. There has been no evidence
of recurrence since the second operation.Diverticulum of the esophagus LINDSKOG, STERN
patient's diet should be liquid during this period. Preoperative antibiotics
are given, especially when pulmonary infection is present. If the patient is
cooperative, local anesthesia can be employed. If general anesthesia is
necessary, it should be administered through a cuffed endotracheal tube.
Postoperative fistula is now rarely seen. Its incidence may be decreased
by meticulous technique and a two-layer closure of the esophagus with fine
silk or cotton. Slip drains should never be placed directly on the line of
closure. One-stage resections in malnourished patients with severe hypo-
proteinemia should not be performed. Fistula formation is a serious threat
only when it occurs in the first day or so after surgery. Then diffuse medi-
astinitis can result, but this is generally mild with adequate wound drainage
and proper antibiotic therapy. Late fistula formation results in delayed
wound healing and requires multiple dressings, but it is almost always self-
limited. Two sequelae may occur. One is recurrent deep cervical abscess,
the other stricture of the esophagus.
Stricture of the esophagus may result also because of too extensive resec-
tion at the diverticular neck. To prevent this, guide sutures should be used
to mark the junction of the diverticulum with the esophagus above and
below the neck of the sac. The danger of excessive resection is especially
marked in very small diverticula, and this is one reason for conservative
management of early cases. Inadequate excision of a diverticulum on the
contrary may result in a recurrence. Every case should be evaluated after
surgery by repeat barium esophagogram before the patient is discharged
from the hospital or from follow-up. A definite recurrence with return of
symptoms necessitates another single-stage operative resection (Fig. 3).
At the site ofa traction diverticulum the esophagus may perforate into the
mediastinum, into the trachea, or a major bronchus. Severe mediastinitis
in this location requires a posterior mediastinotomy. Tracheo-esophageal
fistula acquired in this manner must be treated by surgical closure and the
interposition of a pleural or fascial flap.
Epiphrenic diverticulum may be complicated by peptic ulceration, but
foreign bodies are probably the greatest offenders in the production of
ulcerations within these rare lesions.' The treatment of this complication is
the same as for the diverticulum itself.
ANALYSIS OF NEW HAVEN HOSPITAL CASES
Between the years 1942 and 1953, 15 cases of pharyngo-esophageal
diverticulum were treated surgically on the University service of the Grace-
New Haven Hospital. Twelve were males and three, females. This distribu-
tion is similar to Starck's4 reported ratio of approximately three to one. The
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mean age at the time of surgical admission was 56 years, the extremes being
41 and 75.
The average duration of symptoms prior to surgical admission was three
years. Fourteen of the 15 operative cases complained of regurgitation as a
primary symptom. Dysphagia was present in 12, cough in five, and gurgling
sounds during deglutition in four. Two patients had noted excessive saliva-
tion; a like number were dyspnoeic, probably as a result of tracheal com-
pression by large diverticula. One patient complained of hoarseness.
Preoperative complications in one advanced case included cachexia,
aspiration pneumonitis, and empyema. Another patient aspirated a small
amount of barium into the trachea during a radioscopy, but without any
detectable sequel.
Definite physical findings attributable to the diverticulum were noted in
over half the cases. The clinical impression was confirmed by barium swal-
low, esophagoscopy, or both. Perforation of the sac during the esophagoscopy
occurred once; the procedure was being carried out by a well-trained oto-
laryngologist. A successful issue ensued after immediate primary resection
of the ruptured diverticulum.
The surgical approach was through the left side of the neck in 12 of the
15 cases, through the right in the remaining three. Twelve of the patients
had only cervical block and local procaine. Primary excision of the sac was
carried out in 13 despite the presence of a recent instrumental perforation
in one case (as mentioned above), and a small mural abscess in another.
Local wound infection occurred in two cases and was associated with the
development of stricture at the operative site in one. This patient required
temporary gastrostomy and dilatations, but was asymptomatic one year
after operation. Transient recurrent nerve paralysis was observed three
times with spontaneous recovery in each.
Two patients of the 15 were subjected only to the conservative procedure
of suspension of the diverticulum. One was the patient with extreme
cachexia, empyema, and hypoproteinemia. Having been entirely relieved of
his dysphagia, he decided against further surgery and returned five years
later with a palpable and enlarging mass in the region of the cervical scar.
This proved to be an epidermoid carcinoma in the diverticulum and was
treated at age 82 by block excision (Fig. 2).
One patient with roentgenographic evidence of incomplete excision of
the diverticulum continued to have mild symptoms with occasional regurgi-
tation. A second case presented a definite and large recurrence one year
after primary excision and required secondary diverticulectomy which has
apparently been curative (Fig. 3).
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There were no deaths in the series of operative cases. During the same
period six additional cases of pharyngo-esophageal diverticulum were ob-
served, but not treated surgically. The mean age in this group was 72 years.
Three had no symptoms and one was the victim of recurrent cerebrovascul-
lar accidents. The disposition of the remaining two is unknown.
Traction diverticulum. During the years under consideration 21 cases of
traction diverticulum were revealed by barium studies. The mean age was
66 with extremes of 44 and 81 years. There were 13 males and 8 females.
Only two of the 24 had symptoms definitely referrable to the lesion; one of
these had an associated stricture in the distal third of the esophagus. Three
patients had radiological evidence of subcarinal or parahilar calcified lymph
nodes. Five other patients had concomitant diverticular formations, two in
the duodenum and three in the colon.
Epiphrenic diverticulum. Four cases of epiphrenic diverticulum were di-
agnosed between 1942 and 1953. One required surgery because of epi-
gastric pain, weight loss, and dysphagia. This case has already been
recorded in detail elsewhere.'
SUMMARY
The recognized types of esophageal diverticulum have been considered
from the standpoint of anatomy, pathogenesis, symptoms, physical signs,
and treatment. Twenty-one cases of pharyngo-esophageal, 21 cases of mid-
esophageal traction, and four cases of epiphrenic diverticulum have been
studied. The result of surgery (diverticulectomy) in 16 of these patients
has been analyzed. The complications which may precede or follow upon
surgery for this interesting and relatively rare condition have been dis-
cussed in some detail with suggestions for decreasing their incidence and for
their successful management.
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